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Abstract
Ploidy levels of Fallopia japonica and F. sachalinensis grown in Japan were examined by flow cytometric 
analysis. As a result, three polyploid forms （4x, 6x, 8x） in F. japonica and two polyploid forms （4x, 6x） in F. 
sachalinensis were found, and tetraploids were dominant in both species. In F. japonica, the tetraploids were 
distributed mainly in Pacific side of western Japan, and the octoploids mainly from Nagasaki to Aomori Pre-
fecture along the Sea of Japan. The distribution of octoploids of F. japonica may suggest that the octoploid F. 
japonica plant introduced into Europe in 19th century was collected from the regions where the octoploids are 
dominant variants, probably the northern part of Kyushu or the region along the Sea of Japan.
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Fallopia japonica （Houtt.） Ronse Decre. and 
F. sachalinensis （F. Schmidt ex Maxim.） Ronse 
Decre. are perennial herb native to East Asia, 
i.e., the former species occurs in Japan, Korea, 
Taiwan, China （Horikawa 1976; Townsend 
1997） and the latter in Japan, Sakhalin, South 
Kuriles, Isl. Ullungdo （Horikawa 1972）. In the 
Japanese Archipelago, F. japonica is distributed 
in the southernmost part of Hokkaido （Oshima 
Peninsla）, Honshu, Shikoku, Kyushu, Okinawa 
（Horikawa 1976） and F. sachalinensis, in 
northern districts, including Hokkaido, Tohoku, 
Hokuriku region （Horikawa 1972）. Though 
Reynoutria or Fallopia have been used as the 
genus name, Fallopia is used in this study ac-
cording to Bailey and Stace （1992）.
Fallopia japonica is one of the worst Invasive 
Alien Species （Bailey and Stace 1992）. It was 
introduced Europe from Japan by a collector, 
Philipp Franz von Siebold （1796-1866）, in 19th 
century, and thereafter escaped from cultiva-
tion, and naturalized to the British Isles and 
Europe （Bailey 1994; Hollingsworth and Bailey 
2000）. It is supposed that only one clone of F. 
japonica plants was initially naturalized in the 
British Isles, and it was probably male-sterile 
and octoploid （2n=88） （Bailey and Stace 1992; 
Bailey 1994）, while some tetraploids of F. ja-
ponica have been adventive in other European 
regions （Suda et al. 2010）. 
The first report of chromosome number of 
F. japonica grown in Japan was n=22 （Sugi-
ura 1931, 1936）. The sampling localities in 
Sugiura （1931） were not obvious, but Sugiura 
（1936） reported that his samples were collected 
in Kamikochi Onsen in Nagano Prefecture. 
Doida （1960） reported F. japonica of Mishima, 
Sizuoka Prefecture as 2n=44. The ploidy level 
（2n=44） of this species is likely to be tetra-
ploid （4x）, according to the basic chromosome 
number （x=11） of the genus Fallopia. Bailey 
and Stace （1992） collected some varieties of F. 
japonica from Japan, and reported that F. ja-
ponica var. japonica was 2n=44 （seed ex Tokyo, 
Tochigi Pref.）, var. uzenensis （Honda） Yonek. 
et H. Ohashi was 2n=66, 88 （seed ex Tokyo）, 
var. hachidyoensis （Makino） Yonek. et H.Ohashi 
was 2n=44 （Hachijo Islands, Tokyo）, indicat-
ing that F. japonica grown in Japan have three 
ploidy levels （tetraploid, hexaploid, octoploid）. 
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Iwatsubo et al. （2004） investigated chromo-
some number for 305 individuals of F. japonica 
var. japonica collected from 37 localities that 
were located in Toyama （28 points）, Aomori （1 
point）, Yamagata （2 points）, Gifu （5 points）, 
and Aichi （1 point） prefectures. As a result, 
they reported that F. japonica had tetraploid 
（2n=44）, hexaploid （2n=66）, octoploid （2n=88） 
plants where their ratio was 16.7, 20.7, and 
62.6%, respectively, indicating that octoploids 
are dominant in F. japonica var. japonica in 
some regions of Japan. 
For F. sachalinensis, Sinoto （1929） first re-
ported the chromosome number （n=22） in mei-
osis of the pollen mother cells using the plant 
grown in Japan, although the place of sampling 
was not obvious. Recently, Bailey and Stace 
（1992） reported chromosome number （2n=44） 
in the F. sachalinensis sample collected in 
Tochigi Prefecture, indicating that this species 
is also tetraploid （2n=44）. Since there is scarce 
information on geographical distribution of poly-
ploid forms in F. japonica and F. sachalinensis 
in Japan, we in this study examined ploidy 
levels in F. japonica and F. sachalinensis using 
samples collected from wider region of Japan.
Materials and methods
Plant materials
Samples were collected in 2006 - 2008 （Table 
1, Table 2）. For F. japonica, 172 individuals 
were collected from a total of 52 spots; 5 spots 
in Tohoku region, 5 spots in Kanto region, 5 
spots in Hokuriku region, 9 spots in Tokai re-
gion, 5 spots in Kinki region, 7 spots in Chu-
goku region, 7 spots in Shikoku region, 9 spots 
in Kyushu region. Most of these samples were 
classified into F. japonica var. japonica, while 
the samples collected from Tohoku region and 
Niigata Prefecture included both var. japonica 
and var. uzenensis. For F. sachalinensis, 56 
individuals were collected from a total of 14 
spots; 11 spots in Tohoku region, 3 spots in 
Nagano and Niigata Prefectures. Since the in-
terspecific hybrids （F. x bohemica （Chrtek et 
Chrtková） J. P. Bailey） between these species 
have been reported （Bailey and Stace 1992, 
Bailey et al. 2007）, we collected only typical 
Table 1.  Sampling localities and the number of 
plants with different ploidy levels （F. japonica）
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plants for each species based on leaf size and 
shapes. The collected plants were grown in 
plastic pots in the nursery of Niigata Univer-
sity throughout the DNA ploidy test.
Flow cytometry
The ploidy of individuals was analyzed by 
flow cytometry （Partec PA-I, Partec GmbH, 
Munster, Germany）. The nuclei solution was 
prepared by chopping internal fragment of leaf 
blade in an adequate aliquot of Nuclei Extrac-
tion Buffer and diluting with 4, 6-diamidino-
2-phenylindole （DAPI） Staining Buffer （High 
Resolution DNA kit, CyStain UV Precise P, 
Partec, Germany）. We mixed the nuclei solu-
tion made of Lotus japonicus （diploid） leaves 
as an internal standard into Fallopia samples. 
The relative DNA content of Fallopia speceis 
was calculated based on the genome size of L. 
japonicus （0.95 pg） （Cheng and Grant 1973）.
Results
Three polyploid forms （4x, 6x, 8x） of F. ja-
ponica were found in the flow cytometry analy-
sis （Fig. 1）. Frequency distribution of plants 
classified by DNA values in F. japonica is 
shown in Fig. 2. Three groups were detected 
in the ploidy levels; 3.01 - 3.85 pg （group 1, 
average±SD = 3.58±0.14 pg）, 5.01 - 5.90 pg 
（group 2, 5.41±0.28 pg）, 6.65 - 7.75 pg （group 3, 
7.24±0.26 pg）. These results indicate that the 
ploidy levels observed in the group 1, 2, and 
3 likely corresponded to tetraploid （4x）, hexa-
ploid （6x）, and octoploid （8x）, respectively. The 
DNA content of a chromosomal complement of 
F. japonica was estimated to be x=ca. 0.90 pg, 
which was obtained by dividing the average 
DNA content of spontaneous tetraploids （3.58 
pg） by 4.
There observed two groups in measurement 
of DNA value in F. sachalinensis （Fig. 3）; 
3.01 - 3.50 pg （group 4, 3.27±0.01 pg）, 4.75 - 5.50 
pg （group 5, 5.16±0.25 pg）, indicating that 
group 4 and 5 corresponded to 4x and 6x, re-
Table 2. Sampling localities and the number of plants 
with different ploidy levels （F. sachalinensis）
Fig.1.  Histograms of the relative fluorescence in-
tensity of nuclei isolated from the leaves of F. 
japonica. Leaves of Lotus japonicus were used 
as the internal standard. 1: peak of the internal 
standard, 2: peak of F. japonica.
Fig.2.  Relative DNA content in Fallopia japonica 
determined by flow cytometry using Lotus japoni-
cus as an internal standard.
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spectively. Similarly to F. japonica, the DNA 
value of a chromosomal complement was esti-
mated to be x=ca. 0.82 pg, dividing the average 
DNA content of group 4 （3.27 pg） by 4. 
For F. japonica （172 plants）, the screening 
of ploidy levels with the flow cytometer showed 
that the number of tetraploids, hexaploids, and 
octoploids were 95 （55.2 %）, 17 （9.9 %）, and 
60 （34.9 %） individuals, respectively （Fig. 2, 
Table 1）, indicating that tetraploids are domi-
nant in Japan. Regarding to the sampling lo-
calities （52 spots）, 4x, 6x and 8x forms were 
found at 35 （67.3 %）, 6, 18 spots, respectively, 
also indicating that tetraploids are dominant in 
Japan. We found only 6 sample localities where 
the plants with different ploidy level grow in 
the same vegetation （Table 1）. 
The distribution map of F. japonica samples 
having different ploidy levels is shown in Fig. 4. 
Tetraploids of F. japonica tended to distribute 
in western Japan, especially in the Pacific side 
of Kanto, Tokai, Shikoku, and Kyushu region 
with the northern limit of Niigata Prefecture. 
In Shikoku region only tetraploids were found. 
Hexaploids were discovered sporadically from 
Tohoku, Kanto, Hokuriku, and Kyushu region, 
indicating that there is no pattern of distribu-
tion. Octoploids were distributed widely from 
Tohoku to Kyushu region and tended to distrib-
ute along the Sea of Japan in Chugoku region 
and Kyushu region. In Niigata Prefecture, octo-
ploids were dominant; 25 octoploids （59.5 %）, 
10 tetraploids （23.8 %） and 7 hexaploids （16.7 
%） （Table 1）.
Most of F. sachalinensis samples （Table 2, 
Fig. 5） were tetraploid （51 individuals, 91.1 %, 
n=56）. There were a few hexaploid in 4 spots, 
and both tetraploid and hexaploid plants grew 
together at the 2 spots.
Fig.3.  Relative DNA content in Fallopia sachalin-
ensis determined in the same way as the previous 
species.
Fig. 4.  Map showing the localities of Fallopia japonica determined to be 4x （left）, 6x （center）, 8x （right）.
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Discussion
In this study, we showed the distribution of 
polyploid forms in F. japonica and F. sachali-
nensis in the main island of Japan using the 
flow cytometry analysis. Suda et al. （2010） 
identified ploidy levels of Fallopia grown in 
Czech Republic by flow cytometry analysis, and 
reported that the three different ploidy levels, i.e. 
4x 6x, and 8x were identified in F. sachalinen-
sis where the 2C-values in DNA pg were 4.32, 
6.42, and 8.88, respectively. They also found 
4x and 8x forms of F. japonica whose ploidy 
levels were 4.85 and 9.64, respectively. Bailey 
and Stace （1992） determined the DNA values 
of F. japonica using Feulgen microdensitometry 
analysis, and reported that 2C-values of the 4x 
forms ranged from 2.57 to 3.06 and that of the 
8x form was 6.48. The 2C-values identified by 
Suda et al. （2010） and Bailey and Stace （1992） 
are almost identical to the average 2C-values of 
Fallopia identified in this study; 3.58 （4x）, 5.41 
（6x）, 7.24 （8x） in F. japonica, and 3.27 （4x）, 
5.16 （6x） in F. sachalinensis, although there 
are some deviation on the 2C-values observed 
among the researchers. Such a difference prob-
ably comes from the different staining methods 
and the different sources of internal standard 
DNA in the ploidy analyses used by the re-
searchers. Suda et al. （2010） and this study 
demonstrated that flow cytometry analysis is a 
powerful tool for identification of polyploidy dif-
ferentiation in Fallopia species. 
We found 4x, 6x, 8x forms of F. japonica in 
the main island of Japan. This is in agreement 
with the results reported by Bailey and Stace 
（1992） and Iwatsubo et al. （2004）. Some previ-
ous reports investigating European F. japonica 
have supposed that octoploids （8x） would be 
dominant in Japan, because most of this spe-
cies found in Europe were octoploids （Bailey 
and Stace 1992; Bailey 1994, Suda et al. 2010）. 
However, we demonstrated the prevalent ap-
pearance of tetraploid （4x） form of F. japonica 
along the Pacific coast in the west region of 
Japan. This finding coincides with the previ-
ous studies, which reported the tetraploid （4x） 
forms grown in Kamikochi, Nagano Prefecture 
（Sugiura, 1936）, Mishima, Shizuoka Prefecture 
（Doida, 1960）, Tochigi Prefecture （Bailey and 
Stace, 1992）, and Hachijyojima （Bailey and 
Stace, 1992）. However, the previous studies 
were restricted for a few localities. This is the 
first report to show almost overall distribution 
Fig. 5.  Map showing the localities of Fallopia sachalinensis determined to be 4x （left）, 6x （right）. 
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of this species in Japan. 
Apart from the prevalent appearance of tet-
raploid F. japonica in Japan, we also showed 
the dominated location of octoploids along the 
Sea of Japan including the northern part of 
Kyushu. The octoploids （8x） occupied 59.5 % 
of the samples collected in Niigata Prefecture. 
This is in agreement with Iwatsubo et al. （2004）, 
in which octoploid （8x） of F. japonica was 62.6 
% among 305 individuals and grew in 24 （85.7 
%） out of 28 sites in Toyama Prefecture.
In this study, tetraploid and hexaploid forms 
were found in F. sachalinensis, and the 4x form 
was prevalent. This is also coincident with the 
previous reports （Bailey and Stace 1992; Suda 
et al. 2010）, while we newly identified hexa-
ploid of F. sachalinensis in Japan. 
In general, polyploidy plays a critical role in 
the evolution of diversity and is pervasive in 
angiosperm species. The estimations of poly-
ploid abundance range from 47 to 70% （Ramsey 
and Schemske 2002）. In nature, newly created 
polyploids display vigorous growth, which can 
be ecologically more advantageous compared to 
the original diploid species. For example, Mi-
yashita et al. （2011） reported that tetraploid 
Lonicera caerulea is widely distributed in the 
northern part of Japan, whereas the diploid 
form only grows in the eastern region of Hok-
kaido. Additionally, the relative DNA contents 
in the tetraploid form varied among the plants 
collected from low lands to mountain area, and 
it tended to be smaller as the altitudes of their 
habitat increase, indicating the genome down-
sizing following tetraploid formation, which may 
be related to its selective advantages. In this 
study, we found the prevalent appearance of 
tetra- and octoploid forms of F. japonica along 
the Pacific coast and the Sea of Japan, respec-
tively. It is remained to be determined whether 
the octoploid form F. japonica has any selective 
advantages to extend its habitat.
New polyploid species have arisen sponta-
neously via formation of restitution nuclei in 
somatic and gametophytic cells, causing so-
matic autopolyploidization and fusion of unre-
duced （2n） gametes, respectively （Ramsey and 
Schemske 2002）. Similarly those mechanisms 
are thought to produce octoploid F. japonica in 
Japan （this study） and octoploid F. x bohemica 
in Europe （Bailey 1999, Bailey et al. 2007）. 
Further studies are needed to examine which 
mechanism occurred to produce 8x F. japonica. 
Regarding to formation of 6x F. japonica, two 
pathways are possible; crossing between 4x and 
8x forms of F. japonica and fusion of reduced 
（n） and unreduced （2n） gametes of 4x forms 
of F. japonica. In case of F. sachalinensis, 8x 
F. sachalinensis have not been found in Japan, 
although it exists in Europe （Suda et al. 2010）. 
At present, therefore, the formation of 6x F. 
sachalinensis in Japan is thought to occur via 
fusion of reduced （n） and unreduced （2n） gam-
etes of 4x F. sachalinensis. 
The plant of F. japonica that Von Siebold 
introduced into Europe from Japan in 19th cen-
tury was subsequently naturalized in Europe. 
That clone was reported to be octoploid （Bailey, 
1994）. In 1823 - 1829, Von Siebold had lived 
in Nagasaki, Japan, and collected many plants 
native to Japan, including F. japonica. Accord-
ing to the distribution of octoploid F. japonica 
clarified in this study, it may be possible that 
Von Siebold could collect the living octoploid F. 
japonica plant in the northern part of Kyushu 
including Nagasaki where only the octoploids 
were found.
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見つかっている（Suda et al. 2010）。国内では，




る（Bailey and Stace 1992）。本研究では，より
採集地域を広範囲にした結果，イタドリが4，6，8
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